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Experimental issues

¢ Some examples of experimental issues
to be addressed

—e— Ultra:PT>400
—a— High: PT>250

—e— Super:PT>600
—=— Med: PT>120

¥ such as Jet Energy Calibration
¢ and background estimations ""’*m
s lietni<t ++++,,,,
Disclaimer 1 : | concentrate on multi-purpose detector ATLAS and CMS 0002000 30004000 5000 000" 7000

Corrected Diiet Mass (GeV)

Disclaimer 2 : Some slides or slide content taken from seminars/lectures of other LHC colleagues,

eg. K. Jakobs, O. Buchmuller, L. Dixon, M. Dittmar, D. Froidevaux, F. Gianotti
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Introduction :

Measurements
of hard processes

SSSSS



& The hard scattering

.
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h2 \ To produce (at central rapidity, ie. x1~x2)
= a mass of

b d LHC TEVATRON
L2 Phs -
L1 Ph, -
4 c 5TeV | x~0.36 -

w\
hy

—

Hard Scattering = processes with large momentum transfer (Q?)

1
do(hyhy — cd) = / dw1dzs Y fasm, (1, 1) formg (T2, p5)d6 207D (Q?, 13
0 a,b

Represent only a tiny fraction of the total inelastic pp cross section (~ 70 mb)

eg. o(pp — W+X) ~ 150 nb ~ 2 - 10 otwt(pp)
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Parton Distribution functions (e

HERA @Q accelerator 6 3 krn clrcumference X
- oy 0.8

—3} QCD fit
075 CTEQ4M
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XJ (X 0.05)
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0.3 |
0.2 |

0.1

PP E re AN ol

gluons dominate at low x ! '

Scattering of 30 GeV electrons on 900 GeV protons: — the LHC is a gluon-gluon collider !
— Test of proton structure down to 10-8 m

Sep 07 G. Dissertori : LHC Detectors - Part 3 5



(b Parton Distribution functions (P

J_D ! IIIlIlII 1 llllllll L] IIIIIIII ] IIIIlIII ] IIIlIlII ] llIIIIII L] IIlII_Ia

¢ Kinematic regime for LHC much X = DML TR epity

10° Q=M o M= 10 TeV
broader than currently explored Y = rapidity
¢ for example, HERA covers most .

of the relevant x range, but at -
much smaller values of Q? s
¢ Is NLO DGLAP evolution sufficient _ 4 —;
for LHC? - .
2 s M= 100 GeWV ~
M ]

¢ Have to propagate correctly the
uncertainties of PDF determinations 10’
into predictions of LHC processes

¢ important when comparing to 10° ' . " : : -
M =10 GeV
data / / /
Lot ' j
¢ Have to determine / constrain the L0° dial ¢ il e T R
pdfs at LHC itself 107 10° L 10™ 107 By 1o 10°
¢ what are useful processes for X

this?
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Event rates OB

Event production rates at L=1033 cm2 s- and statistics to tape

Process Events/s Evts on tape, 10 fb-"
W—ev 15 108
/ —ee 1 107
tt_ 1 106

Minimum bias 108 107 assuming 1%
QCD jets pr>150 GeVic 102 107 | O99er
bb— uX 103 107 ~

gluinos, m=1 TeV 0.001 103
Higgs, m=130 GeV 0.02 104

107 events to tape every 3 days, assuming 30% data taking efficiency, 1 PB/year/exp

statistical error negligible after few days (in most cases) !
dominated by systematic errors (detector understanding, luminosity, theory)
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(B First Physics runs (2008, 2009, ... ) (s

@ After first “good” 10 pb-?
¢ many jets...
¢ ~20000 W, decaying to lepton + neutrinos
¢ ~2500 Z, decaying into two leptons

¢ ~200 semi-leptonic top-pair events
« Measure rates, align and calibrate better

@ After first “good” 100 pb-
¢ W(Z)+jets rates well measurable
« Jet calibration, MET calibration (for SUSY)
¢ Inclusive leptons, di-leptons, photons, di-photon triggers (for Higgs)

¢ From 100 pb-'to 1 fb-?
¢ Standard model candles

« Top pair prod., W/Z cross sections, PDF studies, QCD studies, b-jet production
« Do extensive MC tuning

¢ Early Higgs boson search
¢« H—yy,WW,ZZ

¢ Early SUSY-BSM searches
« MET + anything, di-jet, di-leptons, di-photon, resonances....
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@ Why SM physics? D gz

@ Interesting in its own right
¢ measure (calculable) event rates, cross sections

¢ establish (dis)agreement with SM, constrain SM
¢ challenge theoretical calculations at high Q?

¢ demonstrate “working” experiment with well known processes

¢ Understanding, commissioning, calibration of detector and the
software. eg. well suited : Z— ¢'¢

¢ Backgrounds to many searches : check MC simulations
¢ eg. W/Z+jets, Multi-Jets, top-pair events

¢ Constrain (relative) PDFs

¢ Alternative measurements of luminosity
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&  Our Master Equation (P s

Event rates (absolute, relative, differential)
Stat vs syst errors, backgrounds from data or MC?
Resolution, Energy Scale, Signal Significance

—_— ——

N obs N bkg
I Gmeas - Proton-Proton Luminosity

/ 8 l —— | uncertainty ~ 5% ? Do better?

Experimental issues : Triggers, reconstruction, isolation cuts, low-pt jets (jet veto)

Theoretical issues : pT distributions at NLO + resummation;

differential calculations for detectable acceptance.

O theo = PDF(xlaxzan) ® O

constrain, define uncertainties HO calculations,
implement in MC
. . ?
Goal : test SM (in)consistency :  Texp T Aexp — OSM T Ain
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& JET production at hadron colliders (D s

¢ at the Tevatron, or in the future at the LHC
) 3,

b % FH
d E 1
hi, h2:p,p Ecm=1.96 TeV » :

EIM 'I
O TR
(< X > & £
hi,h2:p,p Ecm =14 TeV i
‘. C g
a
d,c : quaxks/gluons |
A\ B
hy tf

PHLTT

Sep 07 G. Dissertori : LHC Detectors - Part 3 12



B What is a jet? (P mems

ALEPH ™ simulation of a jet in CMS

“cluster/spray of particles (tracks, calorimeter deposits) or flow
of energy in a restricted angular region”

¢ clear : need some algorithmic definition

Sep 07 G. Dissertori : LHC Detectors - Part 3 13



SSSSS

A short digression:
Jet Algorithms




@ Jets in Hadron Collider Detectors P

Jets In

D@

ETH Institute for
Particle Physics

CDF

CAL+TKS R-Z VIEW 25-MAR-1997 12:22 |[Run 87288 Event  22409[25-DEC-1994 02:2( T R T TR R T TR R D R S T
Biis Bl Wit 1ol DAIS E transverse Eta-Phi LEGO Plot
CAFH ET SUM= 963.0 GeV
VTX in Z= -5.4 (cm) B << 2 Ry e .
[ 2.<E< 3. mifll - 19.1
[ 5
4 <fe 3. ??x-u,_;; [~
\ 5 B sy
b . B5<E )7’:%/?, ~ 7> o
N S| P 3
XL 77 §
L [ e ¥ S L * o -
1 TN Xz~ 7 [
LK [\ D T e
4 b Cluztsr EL_min - = E : 1:‘5:21
Clusters :ETHAT CLUSTERING gl A.?
| SCLP: Cons-size=7, Min Towsr Eb=7 - P .i?‘*"
% ; / MUOT B4 HA 1Ir Et  Phi Eta DEta #Tow EM/Et Trks ] L %
/ ELEC ' m 1 3271 .5 0.21 oo22 0 0.50G6 [ I = ez ﬂ%éb
TAUS § @ 2172.8192.3 0.57 -0.56 0 0.521 9 20.2
VEES @ @ 2123.0170.4 0.23 0.23 00.757 15 27.8
_OTHE ' m 9 2.1 2325.4 1.28 1.23 0 o.23al L] 2.1 PHI 2
ETA: D.25
N . . - i 9
Introducing a cone prescription seems “natural”...
But how to make it more quantitative?
: b (11 s b} ) -
# don’'t want people “guessing” at whether there are 2,3, ... jets
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=f(An)* + (Ad)*

-~
o _ -
Hft‘“—«q‘ hadrons
-"r F N | b
., | gﬂ_\h‘ragulentﬂiuan PIOCESS
T

outgoing parton

Hard scatter

The natural (?) definition of a jet in a hadron collider environment

from J. Huston, CTEQ summer school 2004
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- Jets in Hadron Collider Detectors D ==
(simulated) Jets in CMS

°/ %

/ "\‘
:/ o \
." / \ o
|l “.' I.
l .u || D
| l|
| |
| ' |
| \ !
l|| ' ,. |’
| .\. /

/

\ ¢

minimum track ptr = 10 GeV/c
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(b Requirements
@ Applicable at all levels

¥ partons, stable particles !
+ for theoretical calculations e
¥ measured objects (calorimeter objects, tracks, etc) . W
¢ and always find the same jet : £
¥ Independent of the very details of the R
detector — EBUTLURETT
¢ example : granularity of the
calorimeter, energy response,...
@ Easy to implement ! A
¢ Close correspondence between - i ~ 4
nergy
“ ] Momentum
I:Jparton I:)Jet | ange

Sep 07 G. Dissertori : LHC Detectors - Part 3 18



Start with
list of
seeds

Is list
exhausted?

Compute centroid
using R

Is new axis
same as old

one?

Cone already
found?

N

Add to list
of protojets

Send list of
protojets to
split/merge algo

1 o
C:E—gZE%Uz :

Remove

Sep 07

The CONE algorithm s

Seeds: for example, energy deposits with
transverse energy (E; = E sinf) > 2 GeV

in a tower of the calorimeter

Centroid (one possible def) :

1€ C \/(77z —nC)? 4 (&' — ®C)* < R cone radius

1 T R 1
@C:ﬁEjEch . Eg=) E}
T jec ieC

) =

Also : new seedless cone algorithm
and kr algorithm (not cone based) !

1eC
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Further difficulties (P mess

Pile Up : many additional
soft proton-proton interactions

Dutgoing Parton

PT(hard)

# to 20 at highest LHC luminosit Initialate Rgiation
up g =l ity Proton All:!iProton
U n d e rl yl n g eve nt Underlying Event Underlying Event

¢ beam-beam remnants, initial state radiation,
multiple parton interactions

Final-State

Outgoing Parton Radiation

¢ gives additional energy in the event

All this additional energy has nothing to do with jet energies
¥ have to subtract it

no cut on track momenta minimum track pr = 10 GeV/c
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End of the
digression

21
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(b What do we have to measure? (P susss

2

10

(ANAE )| o/(dE. d)IE.dn (fo/GeV)

10

—
II|

Goal

¥ measure cross section inclusively
for jets that are produced with a
certain transverse energy Er,
within a certain rapidity range

< D@ Data M, <0.5

== JETEAD

CTEQ3M, p= 0.5 E7"™ & Test of perturbative QCD,

over many orders of magnitude!

O

¢ Look at very high energy tail,

new physics could show up there in
form of excess

(eg. sub-structure of quarks?)

can be calculated
in pert. QCD

12

Sep 07

100

L
D—

250
E; (GeV)

150 200

¢ count number of events, N, in this bin
efficiency to reconstruct jets

¥ for a certain range in rapidity (angle) An
integrated luminosity
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£ Inclusive Jet cross section at the LHC (P
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2 ==
¢ After MB studies, jets will s'E = —?“ﬂ“;
. . 2 - — — =M=
be the first objects seen wE = i
and measured o oy —
10° - _:::—__
: : 10° s e
¢ Enormous cross section, i o —
so statistical errors quickly o' NLO (hep-ph/0510324), —
o CTEQ6.1, pr=pr=P1/2,
negligible 10"k Kr algorithm (D=1)
§ 1% at pT=1 TeV for 1 fb-" 10500 400 600 800 1000 1200 1400 {g00 ;iaﬁl;%gg%
(central) Z L 4
=10 E — 1inverse fo Wi
@ 10% for 3 < 77 < 5 IE 10 inversa fb _—___
|_ 100 inverse fb _—_
1n'=E|=— = 3
@ Steeply falling cross - =
section : energy scale R
knowledge most relevant LR
T = — Vivarelli, ICHEPO6
I;'z_'nn: 400 600 00 1000 1200 1400 1800 1800 2000

Sep 07
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@ Problem 1 : Energy scale

(

/A7) ETH Institute for
Particle Physics

¢ Question : how well do we know the energy calibration?

¢ Critical because of very steeply falling spectrum!

1(ANAE )| G/(dE.dn)E dn (fb/GeV)

Sep 07

10

2 D@ Data I1’|J.ﬁ| < 0.5

== JETRAD

CTEQ3M, L= 0.5 Ef™

d?co _
~ const - Fp 6

dET d77

4

relative uncertainties
ON OFET

N Er

so beware:

3 eg. an uncertainty of 5% on absolute
energy scale (calibration)
= p oo bovow v o by oo s b v By v b ovoow b ow o by |\-alrl |r| é an uncertainty Of 300/0 (!) On the
50 100 150 200 250 300 350 400 450 500 EaSUR N o I -
E; (GeV)
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(

(0 Problem 2 : Energy resolution @ s

¢ The energy resolution can distorts the spectrum

¢ Again : Critical because of very steeply falling spectrum!

1{]?5 .

N (E7°®) :/0 N (E%rue) - Resol (Ejr’?eas, %'“e) dEme

Q D@ Dara M, < 0.5

eg. Gaussian resolution function
== JETRAD

CTEQ3M, jL=0.5 ET*"

[fmeas _ Etrue 2]
Resol (Ejrflea’s,E%““e) X exp —( L r")

so beware:
“true” spectrum
\ i A bad energy resolution can distort the true

V(ANAE )| /(B dn)E dn (fb/GeV)

10 F spectrum
| => have to determine the energy resolution
1 =_I 1 i | i i 1 I | T T TN TR SO (A |I: U T TR (NN TN SO U NN N | | i 1 1 I i1 i i |\'5klhl I::I
50 100 150 200 250 300 350 400 450 soo —» have to “unfold” the measured spectrum

E; (GeV)

=>» problem is minimized if bin width ~ 0 g,

Sep 07 G. Dissertori : LHC Detectors - Part 3 25



Inclusive Jets

Syste

matics

-

D
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b 3_, | T T 1 T 1 | i | b
< i ! .
c%) B Energy scale variation + 3% ! - H\"ﬁ
Q - — — Calibrated ref. jets : 1 =
¢ 2 5|~ L P
bm sl B ——— 0.00<1y|<0.75 o 3
- eeeee 0.75< [y] < 1.50 : i
5 [ e 1.50 < |y| < 2.50 : -
1.5 o e
i T L s el
1_
E'- =F ‘_'l'_'_i'_:—‘:_‘-_":""i‘-‘__'“‘ r S — :
0.0 4 ;
| -.'-. =1
- CMSPTDR i :
1 | ] 1 | | 1 | | | l |
"0 10°
p/GeV

3 -I i ] | | | | 1 1 . i
" fastNLO NLO (CTEQSM) i
- incl. kg, D=1.0 s -
29 | 0.00 <|y| <0.75 -
N 0.75<|y| < 1.50 ; )
g [ BN 1.50 < |y| < 2.50 S
- for comparison : L
1.5 [ PDF uncertainties 5
1 %‘.;—_f: ''''' :*:__ﬁ___ """"""""""""""""""" ‘E
U 2 -
I I CMS PTDR | i

0 1 | I L1 1 11 1

2 3
10 10

p/GeV

¢ a 5% jet energy scale uncertainty (which is more realistic at start-up) gives a
30% error on the cross section!

¢ Control in-situ with : photon/Z+jets and W=> JJ in top decays

@ Other sources : jet corrections (det = had = part), UE subtraction

Sep 07
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W Jet+Photon and Jet Energy Scale (Jes)D #hss

@ Jet calibration using pr balance in
Jet+Photon events

Sep 07

¢

“€c

Selection : isolated photons, no high-pr

secondary jet, photon and jet well separated

In transverse plane

Statistical error well below 1% after 10 fb-!

MC Jets Calibration, Iterative R=0.5,0<In | = 0.226 l

1

Jet Response
=
[ =]

I'.I.Ei
0.5
0.4}

0.3
0.2

0.1
0

10

0.8)
0.7}

exlam.pllelflrc;rlnI CMS

simulated jet pr :
Response = : =
reconstructed jet pr

10° 10°
simulated Jet pt (GeV)

Currently:
“monolithic” MC-corrections, i.e.

one-step correction from calorimeter-level to particle level

(inverse of response function)

jet energy scale error (%)

q

Annihilation Process

15

10

G. Dissertori : LHC Detectors - Part 3
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¢ From CMS PTDR:

| Startup (source calib. + test beam + MC)

W fit from tt
® 50% reduced b-tag

F full b-tag
1-10 fb1

/| | | .
/
20 50 150

Jet pr (GeV/c)

(log scale)
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A two jet event at the Tevatron (CDF)

Dijet Mass = 1364 GeV/c?

E; = 666 GeV
n = 043

T EL 5 406,53 GeVl

CDF (¢-r view)

E; =633 GeV
n = -0.19

K. Jakobs, CSS07

Goal : Measure cross section as function of invariant mass of the two jets.
Test QCD predictions and kook for resonances at high invariant mass.

Sep 07 G. Dissertori : LHC Detectors - Part 3 28



Sep 07

B Di-Jets (CMS PDTR)
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4 S N
% 10 = —e— Super:PT>600 8 s I Systematics] I IZ
G 10° o Ultra:PT>400 9 0.8~ Energy Scale (5%) =
- = B —a— High: PT>250 [~ | ==ee- PDF (CTEQ 6.1) ]
& 102; ' & Med: PT>120 S 0.6 Resolution —
10 204 -
= C Y. [ -]
s Bk :
107 |- %05 % ok E
-2 = '. O —::-_'_';';';- ......................... =]
10° - Ce, T -() emmmescsseccccscscco o e o0 0 0 ¢ o 0o 0 o o o o
102 L Coe i ]
- She ©-0.2= —]
: . g 0 .
jet n|<1 e 5041 =
R e E “Error Bars are Statistical Uncertainity for 10fb” Al
| | | I _.|_+ = T 3_ —:
1 UUD 2000 3000 4000 5000 GOUU ?UUD _0.8 T 1 1 I | | 1 | J | 1 | 1 I | 1 1 1 | 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 I_
Corrected Diiet Mass (GeV) 1000 2000 3000 4000 5000 6000 7000
o Dijet Mass (GeV)
WOISE Trig for L=10* E -
48] B -1 = -
S E E
50.05 : : _E
= il ' b A | | I ‘ y S R & = -
-0 : I:*I}f‘u OO T T] 1 OO0 G O—O——0— =
0.05|- =
- | —e— L: Ultra:PT>400 = .
0.1} | —a~ L: High: PT>250 ] 58— -
- | —&— L: Med: PT>120 = — - .
i e ;ﬂ - Z 056 [ "QcDand A*=5,10,15 TeV =
0.2 - | st ?I : e A HEg Al | =anees: Jet E & n Resolution =
| 1000 2000 3000 4000 5000 S| . Relative Energy Error :
Corrected Diiet Mass (GeV) ) | & :_ __PDF Error (CTEQ 6.1) =
05 1 ol B T I T v [ T o e (e e ]
. _ 1 000 2000 3000 4000 5000 6000
Note : Ratio of cross-section central / forward ! | Corrected Dijet Mass (GeV) |
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y Comparison ATLAS - CMS D s

Biggest difference in performance perhaps for hadronic calo

Jets at 1000 GeV ATLAS ~ 2%
energy resolution CMS ~ 5%
energy resolution,
but expect sizeable improvement
using tracks (especially at lower E)

| ndl 1852 /10
= Samplin I e s sy sk eateeaiaz nnt | {2512 000618
= AR=04 © ping U""‘ 0 9';' g; 003263 - 0.002217
0.15 o HI = E :
AR=0.7 * Sﬂl’l‘lll]il’lg ﬁLl- DB E_ Ao _E
s HI v 0.7 E o] E
£ 06 ot =58 6125 5 0,033 :
0.1 & - -:E:- Er E!r'm B
2k 0.5F MC 5
Y CMS
ATLAS | W % .
b 035 |r|| < 1.4 —_
0.05 | n|=0.3 00F 2
L ' . E "'-5_. AR=05 -
o/E=4.7/E ® 0.54NE ® 0.013 0.1F o P .
M L | | | e e Ty ) [T SN (N, (e Ui SR P
0 0.1 0.2 53_3 l:IIIZJ 100 200 300 400 500 600 700 EﬂﬂMEQGU 1000
IWE (GeV™") B, GeV
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W and Z
production

T St . —

R B
Yy SCALL

10 GEV

... one of the first W and Z’s in UA1/2

Sep 07 G. Dissertori : LHC Detectors - Part 3 31



Predictions
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D

¢ Probably best known cross section at LHC, NNLO, differentially

a well suited normalization process

pp~(Z,7")+X

I I I I I I I I | I I I I | I I I I | I I I

80 1o y

- - NNLO 1

> L2 -

g 60 —

< 1

e i

o, 1
S—

L 1

% 40 — B

\ L _.

= | 1

o L 1
. 4

b L= |

% 20— Vs = 14 TeV —

i M = M, 1

L M/2 < u £ 2M |

0 | | | | | | | | | | | | | | | | | | | | | | |
0 1 2 3 4

Anastasiou, Dixon, Petriello, Melnikov : differential in W/Z rapidity
Petriello, Melnikov : fully differential in lepton momenta

Sep 07
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PW —~ (EapTapZ>
small NNLO scale
uncertainty:

LO : 25% - 30%

NLO : 6%

NNLO : 0.1 % (Y=0) -
1% (Y<3) -
3% (Y ~4)

shape stabilizes at NNLO

32



@ Predictions P e

. +onn
similarly for W /W : very small H _
NNLO scale uncertainty: 0.5-0.7 % OW?VGI‘ '

- dominant
1.6 T T T T | T T T T | T T T T | T T T T | T T T T T T T // uncertainty for

[ Vs = 14 TeV /

= - vt Y/ absolute W and Z
- w /,' 1 .
i M/2 < u < 2M // cross section:
I i V4 1
= - //' =
g _ y /2 PDFs: 4-5%
= ] NNLO /4 )
hh. | NLO #// )
> I Y /4 4 remember:
h i 1.2 — /////f// 4 —
 § : £ 10 1
\b/ i ,,,///-’}//////// 1
En - — //,f‘;///"’;;/// 4
1-0 | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
0.0 0.5 1.0 1.5 2.0 D 3.0
YW
1
do(hihy — ed) = /O dz1dws Y fasn, (@1, 1F) foyng (22, p13)d6 07D (Q?, puF)
a,b

known precisely up to NNLO

so : if we measure precisely this, can we constrain this? 5
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(b Experimental signature P e

//// Z: pair of charged leptons
- high-pt

- iIsolated

- opposite charge

-~70 <mi< ~110 GeV

Muon

Example: electron reconstruction

- isolated cluster in EM calorimeter

- pt > 20 GeV

- shower shape consistent with
expectation from electrons

- matching charged track

W: single charged leptons

\cutllnn - hlgh_pT
K e o ~isolated

" - Etmiss (from neutrino)

transverse mass: M), = \/2- PJ'PF'(l—CUSAW’V)
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Iy ATLAS/CMS : from design to reality (P e

d ete CtO I'S o 0.5 1 1.5 2 2.5 3 Yo 0.5 1 1.5 2 2-

Sep 07

LE 0.2}

Amount of material in ATLAS and CMS inner trackers
Weight: 4.5 tons Weight: 3.7 tons

ATLAS 1.4 . CMS
W Beam Pipe || /1 4

1.2 | = Sensitive " :
Electronics

M Supporl
w Cooling
m Cable {
0 Outside |14

L

1.2

0.8/

0.6

0.4 | . Jl | LR
" .‘M.\

—

0.6

0.4

—_—

Inl n

¢ Active sensors and mechanics account each only for ~ 10% of material budget

¢ Need to bring 70 kW power into tracker and to remove similar amount of heat

¢ Very distributed set of heat sources and power-hungry electronics inside volume:
this has led to complex layout of services, most of which not at all understood at the time of the TDRs

¢ Material increased by ~ factor 2 from 1994 (approval) to now (end constr.)

¢ Electrons lose between 25% and 70% of their energy before reaching EM calo
¢ Between 20% and 65% of photons convert into e*e- pair before EM calo

¢ Need to know material to ~ 1% X, for precision measurement of my, (< 10 MeV)!
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& Experimental Z/W counting

¢ Example of selection from CMS (simulation studies)

¥
'
¢

¢

22000

20000}
0, 18000
216000}
5 14000}
512000}
@ 10000[
Q@ :
£ 8000}
6000}
4000
2000}

Nu

||r1r|

generated
reconstructed

%;"“““h““ﬂﬂei;.;..

80 90

100 110

120

M, [GeV/c?]

Z : 2 isolated leptons, pr>20 GeV, | n | < 2.5,
Studied : electrons, muons.
Difficult issue : MET (=neutrino reconstruction)

.
d ETH Institute for
“ Particle Physics

W : 1 isolated lepton + MET

CMS PTDR, G.D., Dittmar, Ehlers, Holzner

I'II|I

I'II|'|-|

I|'I|'|[III|'IT|

240001 -
22000 ; generated £
20000 .. generated Z with n%*"<2.4
E 18000 - generated Z (bb)
E 16000} reconstructed Z (bb)
E 14000 _' -~~~ A reconstructed Z (be)
E 12000 ~> reconstructed Z (ee)
) Sy :
.E 10000} -
S 8000 :
< 6000} 1 E
4000 | |- -
2000} |/ .
D: vilits -JLJ_J.L Ll DI T oy Vet R T
0 3 4 H 6 & 8 9
YZ

Experimental Z counting precision of 1 - 2 % appears feasible, even after 1. year
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¢ Extremely important background ‘% = ‘O\q 5

for many searches

@)

¢ in particular for SUSY searches in the “jets+lepton+ETmiss” channel

¢ Remember : Jet scale uncertainty extremely important (xsec as function of jet pr), also here

O

¢ can expect some 30 % uncertainty from that. Probably less in case of rate measurements.

¢ Should also have a more “inclusive” look at it : Measuring the Z pt can be done with a relative
precision at the per-cent level (leptons (!) again), will be invaluable for checking predictions and

tuning MCs
: pp = Z°X — ete X
> 10° = — 10 ¢ -
E - . D@ Run Prghm[nary - LHC (14 TeV) L=1fb” (PYTHIA LO)
. * iy . . -1 i
w [ % Zly (= e'e)+2njets, 343 pb
‘E oL X Jets: p. > 20 GeV, | <2.5 Z° p, spectrum (with ly(Z %)i<2)
$ ET % + Data (errors: stat) o
L B r . 3 -
. ssssses ALPGEN+PYTHIA MC o
L (CTEQSL) >
s 5 o
10 = T "5':.. —— g
= . ; c
L - . )
[ : _lh s = @ 10°
1 ~ Z+1jet
= 1_ ."1. "'..
= |1 zw2jets Tt
Z+3 j;;s 0 X
-1 1 1 1 I 1 1 1 | 1 1 1 1 I 1 1 1 I I 1 | | I I 1 1 | | 1 1 | L
194 50 100 150 200 250 _ 300 0 20 m 50 % 700

Jet p; (GeV) p,(2") [GeV]
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Top
roduction

LEPTONS
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B Top as a “Tool’ (P e

. __—Tag and Lepton study tool

U
—— W~ v Missing Et study tool
t
" g b b-tag study tool
£ b
q t
antiproton N _ b quark:
w- q L_Igth;rc]{:rark. jet energy
_ o f JY scale from
q scale from Mtop constraint
J Mw constraint
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(b Top identification D e

4 jets p> 40 GeV
jet
2 jets M(jj) ~ M(W)

Isolated lepton

p.> 20 GeV b-jet
jet b-jet
B CDF Il Preliminary i‘_. I"I"If::m - 178.9 GeV/c?
1.2 ' me'*" = 94.9 GeV/c’
' at1 102 GeV :
ETmiSS S 20 Gev ' 1 = . '.“MUDH 50.5 GeV
D'B:_ \\'“\
- L, =62mm * . ‘
—0.6 R p
Secondary vix E : ‘-‘. .P -
\ displaced track >'0'4:_ ',-'“ ‘ "
Primary vtx Ad, 0.2 . Jetd 36.5 GeV
W B L, =4.1mm
*‘ O Jet3 57.8 Gev /7
: : _ -0.2—
b-tagging important: = / Jet2 69.7 GeV
ih -0-4__|/|IIITIIII1I|||IIIII||II||IIIIII
Need excellent Silicon Vertex A oo oo bl

and Pixel Detectors X (cm)
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See the top immediately

with simple selection :
Missing E, 1 lepton, =4 jets
even without b-tag (!),

cut on hadronic W mass

Example (ATLAS study):
Observe it with 30 pb-1

o(tt) to 20 % with 100 pb-1
M(t) to 7-10 GeV

€0 €0 €6

Once b-tagging is
understood:
Very high S/B achievable ~ 27 |

Backgrounds :
W+4j, Wbb+2(3j) (minor here)

relevant also for single-top

~420

i N,, = 580+ 48
= [ o(m )= 154+1.2
00}~ g =
g | | Top pair events
weor 1! in 300 pb-
f |
60— |
N
40/
| |
- lil. \
SR F 2 S b .y
200 #* i
.|- - .r.. - -‘:"_ g :-:lr-

@ TO p P rOd U Ctl O N (example : semi-leptonic case) /D ‘E’;}_tli‘l:r']gt‘i’tﬁytse‘ggr

Atlas FullSim Preliminary

1 NN PR
1ﬂll 15!1 Eﬂll 25!1 EHH 35!1 -ll-ﬂll 45!1 Eﬂll

M reco

Study the top quark properties
mass, charge, spin, couplings, production and decay,
AM;o, ~ 1 GeV ?

important background for searches
Jet energy scale from W—jet jet,

commission b-tagging
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(b How to claim discovery O

Suppose a new narrow particle X — yy is produced:

peak width due to detector
" resolution

_ Signal significance:
N s
S =
~ N B
N.= number of signal events } in Reak
m,., Ng= number of background events region

\/NBE error on number of background events, for large numbers
otherwise: use Poisson statistics

S > 5 :signalis larger than 5 times error on background.

Gaussian probability that background fluctuates up by more
than 50 : 107 — discovery
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G Signal Significance : Issues

Detector resolution (eg. mass resolution om)

If o, increases by e.g. a factor of two, then need to enlarge peak region by
a factor of two to keep the same number of signal events

—> Ny increases by ~ 2 = S =Ng/IN; decreases by V2
assuming background flat
( P ) - S ~1/o..

“A detector with better resolution has larger probability to find a signal’
Note: only valid if ', << o .. If Higgs is broad detector resolution is not

relevant.

my=100GeV — Iy ~0.001 GeV
m,=200GeV — Ty ~ 1 GeV
m,=600GeV — I'y~ 100GeV I'j~m}3

Luminosity
NS”t } — S ~AL
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Background extrapolation (D e

Backgrounds to H=WW —evev : WW, f{t for gluon fusion, ttj for qqH

1.2

1.00 |

0.75

0.250

0.25

0.00 L

' two different scale definitions

(a)

|dea of extrapolation:

Kauer et al.
N Obkg, LO
s ' Oref
Oref, LO N~~~
I S low experim.
low theoret. uncertainty
uncertainty

I/ o

40-50% scale uncertainty at LO

G. Dissertori : LHC Detectors - Part 3

Opkg : background with
cuts optimized for finding signal

Oef - background with

cuts to enrich background
(eg. revert the cuts above)
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(G Background extrapolation D e

Sep 07

N evtst

signa

background

/£ .

some observable

theory :

use theory to compute
change in background
when inverting cuts

invert cuts :
from signal enhancement to
background enhancement

use data to
normalize background

Nevts| . ¢ \
o

G. Dissertori : LHC Detectors - Part 3

some observable
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-

Background extrapolation... =

N Obkg, LO
CHg S <J7’€f LO) | @ \
fow Bt P i Reference selection :
uncertamty . .
* |ike signal, but
0_005\ ———F—————————] " no central jet veto
: \ o 1" no lepton pair cuts
0.004">~--________________ " 40 = require b-tag
$ o0.003f o © | | 1| This enriches the data
5 i a few % scale uncertainty Il sample in pure bckg
%‘j 8002 11 (SM processes), with
5 _ high statistics.
0.001 |- -
Bile —————t———t—e e
0 1 2 3 4 B

1/ o

47
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(B Warnings... P e
¢ Always try to be as independent from the Monte Carlo as
possible!
¢ eg. find a "Standard Model candle” for calibration

# Obtain backgrounds from the data whenever possible

« Easy if we have mass peak (from sidebands)

* More difficult in case of excess in high-energy tails, in particular
In relation to MET or high-E+ jets

¢ Study carefully the validity of a Monte Carlo, and what it is exactly
based on

* eg. LO 2-to-2 process + parton shower, or 2-to-n + parton shower, or
NLO+parton shower, or ...

¢ Worry in particular about systematic errors in your search
analysis when S/B << 1 !

« be careful with calculation of significance
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) Signal Significance : Issues (s

¢ as significance (number of ‘sigmas’) one usually sees the

deﬂ n ItIOn ( ostat(background) = \/nb for large enough statistics )

¢ Adding a relative systematic uncertainty f, osysip)=7np,
in quadrature to the statistical uncertainty, this becomes:
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& Signal Significance : Issues (P mas

¢ this can be rewritten as

n,=n_- |1+

¢ limiting cases:

. nin, dominated by
n/n,<<f-n, = n,= systematics

, ~ dominated by
ngn,>>f-n, = n,=n, statistics
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) Signal Significance : Issues (s

¢ a concrete example (10% background uncertainty)

=2

n n, nl/n, n

50 100 0.5 5 3.5

¢ In the second case, more luminosity will not
improve the significance!

(unless more data help to better understand the background)
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(G SUSY signatures (P mems

g— »}'l t ﬁL_.. ig 4 u (jets, E_=1196 GeV)
@ Many hard jets | Wl ( jetd, E_=113 GeV) . %9 4h BEp—
L. s (jet5, E_=79GeV) 4 ¢ t_b{ ;w' 2 gAY
¢ Large missing energy Sl 5 W e i i
= ILE ol e + .
¢ 2LSPs ( L E, =380 GeV

¢ Many neutrinos
¢ Many leptons
@ ie.: Spectacular

Ms(GeV) O (pb) Evts/yr
500 100  10°-10°
1000 1 10*-10°
2000 0.01 10°%10°

@ for low masses the LHC i
becomes a real ¥
SUSY factory A P

O. Buchmuller, HEPO7
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(b Seems easy, but.... P e

¢ Relies on

¢ good reconstruction and understanding of
* multi-jet backgrounds

LHC Point 5 mSUGRA

10" g1 g ¢ lypical selection
_BE B ¢ Njet > 4
10 Peak pos. related —=
= = :T: to Msysy = ¢ ET100,50,50,50 GeV
ug_ B
S 10 & A OO = ¢ Etmiss > 100 GeV
S e Y o 2
N} I = = N
€10k %; Lo =
- = onel 1 @ Warning
% 1[0 —O- T N .
510 F - E ¢ For description of multi-jet
HF  Bckgrd: —X ﬁ} . backgrounds a simple
o £ Fnlk S e = = Parton-shower MC is not good
1043: | | | | | | I—T_l_—?_}—‘—|:*: ! | | : enOugh
2 it ; zfzg‘lv} 2000 4000 ¢ Have to combine with matrix
eff
- elements, eg. ALPGEN
. 1 2 3 2
Sep 07 Mef g = ET = + PT + PT + PT + Pr‘ﬂ G. Dissertori : LHC Detectors - Part 3 54



(b Seems easy, but.... OFe

¢ Relies on
¢ good reconstruction and understanding of

* Missing transverse Energy

E,™ss=360 GeV
E/#1=330 GeV

E,*C= 60 GeV

Missing ET in MHT30 skim |

"% 10 g_ MET includes cells with E>0 (no CH)
- 3 Mo comection
wd
Bad runs were removec
10" Moisy events were removed
= Bad cellsitowers were removed
- Run Il
V. Shary CALORO4
: : no cleaning
ETmiss IS a very tricky 20 after |
variable to measure. cleaning

Mis-measurements can o
easily fake “signals”. Missing ET, GeV
Have to fight backgrounds, noise, use control samples, eg. Z+jets
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The easy case: a Z’ (or similar) (D=

Z’ . generic for new heavy
gauge bosons

¢ GUT, dynamical EWSB, little a 7 Ccomimestal cvSOROES
Higgs, ... ™ 8 CMS
¢ Clear signature S
_ S 7 Z,—=u'u” M=1TeV
¥ low background, mainly Drell-Yan &
Ty After trigger and offline reco.,
B 6
E ver .~70%
One of main issues L% overalleft. =10
¢ early control of lepton
reconstruction, eg. signal
¢ alignment effects reduce 1
sensitivity by ~ 50 % in the early
days ( <100 pb)
—|

Similar ATLAS study for Z’ — e'e-
¢ In SSM, SM-like couplings
¢ ~1.5fb' needed for discovery up to 2 TeV
¢ Z — {l +jet and DY needed to get

E-calibration and understand lepton eff.

1200 1400 1600
uw'u mass (GeV)

1000
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Wh at LHC COUId dISCOver (besides Higgs and SUSY) (D 'E’aTgiéTét*i’t#;s‘Igr

Excited quarks q*—yq: upto m=6TeV Large number of scenarios studied
Leptoquarks: upto m=1.5 TeV Main conclusions:

Monopoles pp —yypp: upto m=20 TeV = LHC direct discovery reach up to
Compositeness: upto A=40 TeV m ~ 5-6 TeV

Z — 1, jj: upto m=5 TeV

W —lv: upto m=6 TeV = demonstrated detector

efc.... efc.... sensitivity to many signatures

— robustness, ability to cope

e = with unexpected scenarios
= Discoveries vs time: a guess ...
E,"'I 03 e Z' 6.5 TeV
o = , m=B6.5Te
‘g = gu-sifTev Compositeness
c L. A= B0 TeV
= m=2.5 TeV SUSY (g,q)
E 1 02 eV-scale resonances from WW scattering
-

Leptoguarks, m= 1.5 TeV
Compositeness, A = 30 TeV

11 IIIHIl

Extra-dimensions G — e*e, m=1TeV

[T HIII]

Integrated L
=)

H,rnl_;-115 GeV

1E i
= H— 4, m,, =~ 180 GeV =
~ [Im=1Tevsusy (@3) -E SLHC 5
1=l Z—=e'e, m=1Te = E
107 ¢ z 1 TeV g — :
uy Y : | =1 035 g
|/ | ti - First top quarks observed in Europe! =
10'2 - el TS T TN NN TR TR NN (N SN TN TN NONNY N 1Fit 110400 tcitss W W AN AN TN SR SN [ N
2008 2010 2012 2014 2016 2018 2020

F. Gi i
Y ear Gianotti
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Summary
of Part 3

“The only place where success comes before work is the dictionary”
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¢ SM physics at the LHC:

we will have to re-discover the SM before going to
other discoveries

¢ Test the SM at an unprecedented energy scale

¢ |ots of highly exciting and interesting physics
« Jets, Ws and Zs, tops, ...

¢ These are also important tools to

>

¢ understand, study, calibrate and improve the detector performance
¢ constrain physics input (pdfs, underlying event)

N

¢ necessary input for all other measurements

¢ We are getting ready now to be able to perform all these
measurements and run these tools as early as possible,
once the data start flowing in....

Sep 07 G. Dissertori : LHC Detectors - Part 3
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(& Conclusions P smimsss

¢ Prospects for discoveries are very good

¢ At the LHC we have

N

¢ large cross sections

L)

¢ spectacular signals
« for many new signals

¢ But

1]

¢ have to understand the detector first
¢ as well as the SM backgrounds

¢ Thus : be careful not to claim discovery too early
¢ but also not too late ... ;-)

¢ In any case, extremely exiting years are ahead of us!
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